SUMMARY To investigate the role of epithelial-mesenchymal interactions on intestinal maturation, we cultured embryonic epithelial cells in several experimental conditions. Microexplants of 14-15 days fetal rat intestinal endoderm, separated from the mesenchyme by collagenase, were seeded on dishes coated with different extracellular matrix components (collagens I, III, IV, fibronectin, laminin) or on confluent monolayers of intestinal mesenchymal cells or of fetal skin fibroblasts. Only small variations in the attachment or spreading of the endodermal cells could be observed when they were cultured on the different substrata and their survival never exceeded one week. When cocultured with intestinal or skin fibroblasts, however, endodermal cells grew, formed a monolayer, survival time was prolonged up to two to three weeks, and differentiation occurred. This differentiation was assessed by cell polarisation, morphological maturation of apical brush borders, synthesis of microvillar digestive enzymes and of extracellular matrix molecules seen immunocytochemically. Finally, glucocorticoids which are known to stimulate or induce brush border enzymes, accelerated the morphological and enzymatic maturation only in the cocultures.
The developing intestine provides an excellent system to investigate the tissular and hormonal regulation of epithelial differentiation. The morphological polarisation as well as the expression of digestive enzymes represent specific phenotypic and molecular markers of intestinal epithelial differentiation. There is substantial evidence that the enzymatic maturation is under control of hormones (especially glucocorticoids in rodents) and that interactions between epithelial cells and the underlying connective tissue are involved in the processes of intestinal morphogenesis and differentiation.12 Such evidence is supplied by microscopical observations of cell contacts3 and by several experimental models of tissular associations.124 In addition, the observation of changes in the distribution of extracellular matrix (ECM) components during intestinal development5 raises the question whether tissular interactions could act via some of these molecules. Such an assumption has already been reported in several cell types.6 Moreover, acquiring hormone sensitivity by different epithelia seems to be dependent upon cell interactions via direct contacts7 or specific substances secreted by mesenchymal cells.8 The fact that intestinal epithelial cell lines do not express differentiated phenotypes9 and that primary cultures rapidly lose their differentiation potential,10 led us to design an in vitro model system in which we could modulate various cellular and hormonal parameters in defined experimental conditions.
We analysed (a) the possible growth and differentiation promoting activity of ECM components and of mesenchyme derived cells, for endodermal cells (fetal intestinal epithelial cells), and (b) the possible involvement of mesenchymal cells in the response of the endodermal cells to glucocorticoids. We found that unlike ECM components, direct contacts with mesenchymal cells provide a positive support for differentiation of endodermal cells in vitro and for their response to glucocorticoids. Further data suggest that these hormonal effects could include an inhibition of fibroblastic proliferative activity. 
ENDODERMAL CELLS CULTURED ON CELLULAR SUBSTRATES
Attachment and spreading of endodermal microexplants seeded on the top of confluent monolayers of mesenchyme derived cells were similar to those described on untreated surfaces (Fig. 1 a) . Their subsequent behaviour was, however, different as assessed by the following criteria: promotion of epithelial cell proliferation, leading to a confluent monolayer overlying the fibroblasts, (Figs 1 b, c) prolonged survival (up to two to three weeks), and progressively enhanced expression of enterocytic differentiation characteristics (Figs le, f) . The addition of dexamethasone to the culture medium resulted, during the first week, in an acceleration of the morphological differentiation of the epithelial cells, leading to an increased number of maturing cells. Thereafter, glucocorticoids exerted a stabilising effect on them, resulting in an enhanced survival.
Concerning the epithelial mesenchymal interface, the following observations were of interest: at four days of culture a well delimited basal membrane separated the two cell types (Fig. ld) . At 10 days, direct membrane contacts between epithelial cell processes and fibroblasts could be seen, which were progressively replaced from 12 days onwards by an undulated electron dense material.
The underlying fibroblastic cells always exhibited elongated shapes parallel to the epithelial/mesenchymal interface (Fig. ld) . As revealed by phase contrast microscopy DX-supplemented medium modified the morphological appearance of the fibroblasts which became large and flattened. Therefore we analysed their proliferative activity in the presence and absence of DX. At confluency, the number of skin fibroblasts per dish as well as the rate of 3H-thymidine incorporation during 24 ho^ur periods were drastically inhibited by DX: 10-8 + 1-4 v 55+07x 105 cells and 197946+10868 v . It has to be noted that the growth of these latter cells being extremely density dependent, they have to be seeded at high concentration and their overall proliferation was far less important than that of skin fibroblasts in the basal culture conditions.
From an enzymatic point of view, we could show that in the absence of DX, microvillar digestive enzymes visualised immunocytochemically were expressed after four days in culture by numerous epithelial cells in the case of alkaline phosphatase and by a limited number of cells scattered within the monolayer in the case of maltase, lactase and aminopeptidase. In contrast, addition of DX to the culture medium enhanced significantly the number of immunolabelled cells (except for alkaline phosphatase) at a culture period of between four and six days (Fig. lg) . It also induced sucrase-isomaltase expression in several cells after six days in culture. Neither culturing the cells on fibroblast derived matrix nor culturing them with DX-conditioned medium enhanced proliferation and survival rate or induced responses to glucocorticoids similar to those observed in the coculture conditions. The immunocytochemical analysis of ECM components in the cocultured epithelial and mesenchymal cells emphasised that in this model system the different matrix molecules were synthesised and exhibited their characteristic distribution patterns. Localised at the intercellular spaces within the fibroblastic cell sheet, fibronectin (Fig. lh) and type I collagen were present after four days in culture, type III procollagen being visible only after eight days. Laminin, nidogen, and type IV collagen were detected at the epithelial/mesenchymal interface (Fig. li) after four days for the former and eight days for the others. Such a distribution pattern was as obvious in the presence as in the absence of DX, provided that both cell types are in contact.
Taken together, the data reported here emphasise: (1) that isolated ECM components were unable to replace fibroblastic cells in their potency to support intestinal endodermal cell proliferation and survival, (2) that in the coculture conditions and whatever the tissular origin of the mesenchyme derived cells, several enterocytic differentiation markers were expressed by the endodermal cells, (3) that the epithelial response to glucocorticoids was mediated by mesenchymal elements without tissular specificity and that this hormonal effect might include an inhibition of mesenchyme cell proliferation. 
